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top quark physics

>heaviest fundamental particle
known today

>opens up field of high-pt physics

> already very well understood at
ATLAS

= most precise single cross-section
measurement

= several properties measured

> exceptional status for new physics,
especially if new physics couples to
the mass

> Tevatron: ~7800 top pairs per 1 fb™’
>LHC: ~165000 per 1 fb-"
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_ _ _ 2011-087
single lepton signal signature

, 1 lepton (electron or muon)
Hadronictep

— candidate ST VIW:RY - atleast 4 jets

= S EXPERIMENT
- '}ﬁ:'l. : . Run Mumber: 180400, Event Number: 54251175 One Of them b-tagged

ol Date: 2011-04-28 03:33:58 CEST

= secondary vertex or track/jet
| compatibility with primary
Leptonic top vertex

8 candidate "'?éi

at high m:

Leptonic jé;p
> candidate

Hadronic top can one still resolve all

candidate

il objects in final state?

Hadronic top
candidate

Leptonic top
candidate
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background processes

>several processes have
similar final states

> object identification is not
perfect

single top: Hadronictep
ereal top candidate

decay

 additional
jets and b-
jets

Leptonic top
candidate

W+jets

*|leptonic W
decay

e additional
jets
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QCD:

*jets and b-jets

o fake lepton
via mis-
identified jet

J

W+heavy

flavour+jets:

*|leptonic W
decay

e additional jets
and b-jets

J




estimation of background

>ttbar irreducible

>WH+jets normalization from data CET
.- 10°
(reduced requiring b-tag) t
10 E‘
>W+heavy flavour+jets fraction 10°
estimated from data 10° -
. . 10' | k=
>QCD not well modelled in MC, obtain «L QCD O
. . . E . 2 ‘o
model from data and fit fraction using [ WES > Vsi20 T ™
missing transverse energy distribution 3 | . 1y =
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how to search for new physics with top

spectrum
>new physics will lie in regions.that £ bump/resonance
could not be reached energetically " 200 or not?
before

150

>first establish top signal

100

IIIIIIIIIIlIIIIIIIII

>need to understand top production
and properties

w
(=]
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discriminant

lIIIlllIIIIIIllI
50 100 150
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200

CrrTTT

>look at tails of distributions
>search for bumps in spectra

>look at substructure of jets
(boosted objects)

|||||||||||||||||||||||||||

o x BR(g, .~ tt) [pb]

>if no excess found, set exclusion | j1=1077 010} e

Iimits ® measure cross-section

* measure properties
. LN

ATLAS Preliminary ]

600 800 1000 1200 1400 1600
9, Mass [GeV]
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dataset
>LHC: outstanding performance in 35 A Online Luminosity  <e—rrey
2011 at 7 TeV :; 3§_ [ LHC Delivered _§
>ATLAS has very high data-taking ET S :
efﬁciency é 2;_ Total Recorded: 2.55 fb" _;
>This talk contains results based on P 150 =
luminosities of 35 pb! to 1.04 fb-" s 1 E
° :
0.5 =

0 1 1 1 1 1 1 1 1 1
26/02 28/03 27/04 28/05 27/06 27/07 27/08
Day in 2011

Inner Tracking
Detectors

Calorimeters Muon Detectors Magnets

Pixel SCT TRT E’:; F';:;) F"\:/E) Tile MDT RPC CSC TGC Solenoid Toroid

99.9 999 100 90.0 913 948 98.2 995 099.7 99.9 99.6 99.6 99.4

Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at Vs=7 TeV between
March 13* and August 13th (in %). The inefficiencies in the LAr calorimeter will largely be recovered in the future.
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semi-leptonic signature

exactly one lepton in final state

b
t q/
w- q
W It
t UV
b
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top pairs plus missing transverse energy

. . . . % 120_— [ T I I I =
>data excess at high missing Er might & | 27HASPeImmey o ouaern :
hint at new heavy particles: > oo Ju o — -
. g 8o f -
TT — ttAoAo (Ao additional heavy Y - Bl overscgrnss
pa rtiC|e) 60% % Background Uncertainty _:
77 m(T)=360 GeV, m(A0)=1 00 GeV_—
= e.g. dark matter, stop quark pair production * 2N £ m(1)=440 GeV, m(A,)=100 GV
(arXiv:hep-ph/0105239, JHEP 0309, 051 20 o .
(2003)) ...... .

. . 0 150 200 250 300 350 400
>requires good understanding of MET v [GeV]
>good data-MC agreement 3 Zz_ ATLASProiminan o owtme |

§ 70%_ JL dt=1.04 fo' W+ ets _

@ sof—l = I -

L 50?4:"7 - Other Backgrounds _%
wl LI
30_ ‘ m(T)=440 GeV, m(A )=100 GeV_;
. | :
ORI
0 100 150 200 250 300 3.5.(;. 400
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>data excess at high missing E1 might
hint at new heavy particles:

TT — ttAoAo (Ao additional heavy
particle)

= e.g. dark matter, stop quark pair production
(arXiv:hep-ph/0105239, JHEP 0309, 051
(2003))

>requires good understanding of MET
>good data-MC agreement
>no heavy particle signal found

>exclusion of quark like heavy particles

decaying to top plus neutral particle
(arXiv:0909.3555):

= 370 GeV T decaying into top and 140 GeV Ao
=420 GeV T decaying into top and 10 GeV Ao
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top resonances: mass reconstruction

>search for Z'/Kaluza Klein gluons

>use simple and robust mass
reconstruction scheme

>reconstruct full final state, i.e. ttbar
system

>using four leading jets for m leads
to a long talil in resolution due to
initial state radiation (ISR)

> better: exclude jets that are clearly
separated from other objects in the
event (ISR candidates)

Events / GeV
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<

— KKG500

— KKG1000
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1-070
limits for black holes

T Frd LI B B >Dblack holes decaying via strong
o -Ns =7 TeV dRmin. Stat. only . itat; | tteri
é -det=33 pb! —e— Obs. 95% CL upper limit graVI ational sCa erlng

o B Exp. 95% CL upper limit

10°k 0 Exp. 10 uncertainty - = JHEP 0805 (2008) 003

' Exp. 2 o uncertainty i = Phys. Lett. B594 (2004) 363—367
Quantum Black Hole -
ATLAS Preliminary > 24-38% branching ratio (750-2500

GeV black hole threshold mass) of

10°F t+X and low parton multiplicity

>look for excess of tops at high mx

\, >exclude quantum black hole mass

2500 thresholds below 2.35 TeV
QBH mass threshold [GeV/c?]

L1 [ | |
1000

1 1 1 I
1500

2000
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limits for resonances

>narrow Z' produced weakly >wider Kaluza Klein gluons
produced strongly
o [T S [Tt g
:5- [ Ns=7TeV dRmin. Syst.+stat. i- 10° | Ns=7TeV dRmin. Syst.+stat. |
= i [ L =200 ob! —— Obs. 95% CL upper limit = [ Ldt =200 ob! T Obs. 95% CL upper limit
_’|\ o ----=eee Exp. 95% CL upper limit | ’]\ - ---eeee EXp. 95% CL upper limit
N 10 - I Exp. 10 uncertainty . O? I Exp. 10 uncertainty
% - | Exp. 20 uncertainty - E i | Exp. 20 uncertainty |
X L | eptophobic Z' 28] : Kaluza-Klein gluon
& ATLAS Preliminary . ATLAS Preliminary
10E -
105— =
1 -
E | | ,...:;;::::h | | | | | . 15_ | | | | | | 3
400 600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600
Z' mass [GeV] 9., mass [GeV]
> Leptophobic Top-Color: > Randall-Sundrum Modell:
= arXiv:hep-ph/9911288 = arXiv:hep-ph/0701166; ATL-PHY S-
= No exclusion up to now (200 pb-T) PUB-2010-008
= Tevatron exclude my~900 GeV with 3-5 fb-" = Exclude low masses (< 700 GeV)
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heavy resonances: boosted top pairs

candidate event with my ~
1.6 TeV

tops get heavily boosted —
will get merged into one jet
at higher masses

need other reconstruction
strategy

idea: use fat jets that contain
all partons

use jet mass as discriminant
need to handle pile-up

first studies show good
mass resolution in
simulation and also good
data-MC agreement

31.08.2011

Hadronictep
candidate

Leptonic t:f;p

candidatée
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§ candidate @

2011-087

CATLAS
L EXPERIMENT

Run Numbser: 180400, Event Mumber: 54251178
Date: 2011-04-28 03:33:58 CEST

Leptonic top
|

‘ Hadronictop

candidate |
i

Hadronic top
candidate

Leptonic top
candidate
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FCNC and anomalous couplings

we L FTTTTITTIITIIIT T
>search for flavour changing neutral 8 90-ATLAS preliminary * .. pire
currents in top decay and . B0F [Losm' .
production or e e :
gl 601 £ B vvooaris) wez,we g
>set limits on t—qgZ branching ratio | : ;
>upper limits on qg—t—Dblv E
production E
-1 -0.8-0.6-04-0.2 0 0.2 0.4 0.6 0.8 _1
R R T e NN Output
S . - W68%CL - :
€ | AT e o - >measurement of the polarisation of
: j Lat=070" ol alowed regons | the W bosons in top quark decays
o E >sensitive to structure of Wtb vertex
oF O >set constraints on anomalous
5 : couplings
T TopFit Vi=1,V_=0 -
06 04 02 0 0z o4 06
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dileptonic signature

two leptons in final state

g q

t/ v

major backgrounds:

Z/y+jets background (normalisation from data) g
diboson production o+
Y, Z
q —
ﬁ HELMHOLTZ ©
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fourth generation quarks

. Q0-24: """""""" [rrrrrrrrrprrrr g
>natural extension of Standard I 022 ATLAS Preliminary
Model é 0?1'25: Q350 GeV :i
0.16F ) =
= add CP violation for baryon asymmetry 044F- T t =
0.12F =
= Higgs naturalness problem O%;: E
- ' ' 0.062— —%
>top-like Q4 decaying into Wq yoia :
0.02F o E
= arXiv:0907.3155, o(m=300 GeV)~ 5pb 0566506566400 65600 30580000
= independent of Q4 charge (can test 4/3 to Moaiinear [GV]
-1/3e) g 26 VT T Arhs ey [ Lo 37
. % 24 ;_ - i - single top _;
>higher boost than top decays 22| Movosn Mzoee
20 —
DZ%ML |:|Fakes ]
>discriminant: collinear mass oF Wz oo
(neutrino has same flight direction 14 BG-only o = 12.7, 20 DOF

as lepton) 2 :

: 8t =

>challenging: look for a broad 6 =

excess ‘2‘ 3
0100 200 300 400 500 600 700 800 900

IVlcollinear [GeV]
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fourth generation quarks: limits

>set limit for production cross-section of Q4

>translates into lower mass limit: mqs > 270 GeV
= Best Tevatron limits: CDF, 4.6 fb™1: mqs4 > 335 GeV

I I I I I I I I I I I I I
JLdt = 37.0 pb' 95% CL

o —— NNLO from HATHOR
ATLAS Preliminary —— Median Expected Limit

—— Observed Limit
[ l+10
[ J+2¢

—ki
o
[\

Cross Section (pb)

10

N
260 280

300

320

Cly
340

1 1 1 1 I 1 1 1
360 380 400
Q, Mass (GeV/c?)
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1-123
dilepton resonances

>first result obtained in dilepton g 1000 ATLAS Preliminary %?’”” -
channel - JLdt: 1.04 fp"  BBOROER
o se7Tev B -

>complementary to single leptonic 600 R 2
result ]
400 -

>use Ht + MET distribution "o E

> uses large dataset

200 400 600 800 1000 1200
>set limits on the cross-section x HH+ET™ (GeV)
branching ratio for Kaluza Klein 7 T T
gluons 2 | T ome 2025 mmExpecdt o "
ol 9 /9 =-0.30 Expected+ 26 _|
, 10 — Yoy 19, =035 __ Opserved limit 3
>mkk > 0.84 TeV (95% C.L.) in : . :
Randall-Sundrum model : \s=7TeV -
. . 10 =
>comparable to single-leptonic result ; :
(but significantly more statistics) C [La-roew ]
15_ ATLAS Prel|m|nary E
0.T4 0.6 0.18l | I1.IOl | l1.I2l | l1.4l | l1.6l ;
my [TeV]

KK
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summary

>LHC provides ideal environment for new physics in top-like states

= larger production cross-sections for heavy particles

= high statistics available
>several new physics signals already studied

= heavy particles decaying into top pairs + MET
= resonances decaying into top pairs (both single leptonic and dileptonic channel)
= flavour changing neutral currents and anomalous couplings

= [imits on fourth generation quarks

>analyses are constantly updated with higher statistics

>boosted tops very promising for future analyses
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